Plasmid-mediated carbapenem-hydrolyzing ␤-lactamases are becoming emerging threats with Enterobacteriaceae. In particular, the carbapenem-hydrolyzing class D ␤-lactamase OXA-48 and its derivative OXA-181 have been reported increasingly worldwide. Using a PCR-based strategy, environmental samples were screened for bla OXA-48 -like genes. Shewanella xiamenensis, an environmental species from marine and freshwater, was identified as the progenitor of the bla OXA-181 gene. This work identifies the reservoir of an emerging carbapenemase gene that is clinically significant.
The genus Shewanella includes facultatively anaerobic, Gram-negative, motile bacilli. They are widely distributed in marine and freshwater environments and are weakly pathogenic for humans (4) . Bacteria of the genus Shewanella may be a reservoir of antibiotic resistance determinants, since several naturally occurring ␤-lactamases and Qnr-type quinolone resistance determinants have been identified in this genus (3, 12, 13, 16) . Some chromosome-encoded class B (SLB-1 and SFB-1) or class D ␤-lactamases have been identified in various Shewanella species (13, 15) . In particular, Shewanella oneidensis strain MR-1 was found to naturally harbor the bla OXA-54 gene, which is closely related to bla OXA-48 , a plasmid-mediated carbapenem-hydrolyzing class D ␤-lactamase (CHDL) involved in carbapenem resistance in Enterobacteriaceae (14) . OXA-48 producers have been mainly identified in Turkey, which is an area of endemicity, and in the Mediterranean area, including France and North Africa (15) . Recently, several bla OXA-48 -like genes have been identified, including bla in Turkey (GenBank accession number ACZ73269), bla in Argentina (9) , and bla in India, and also in other countries, such as France, the Sultanate of Oman, and Netherlands, that have links with the Indian subcontinent (1, 6, 17) . OXA-181 differs from OXA-48 by four amino acid substitutions sharing the same spectrum of ␤-lactam hydrolysis, including penicillins and carbapenems, but does not confer resistance to expanded-spectrum cephalosporins (unpublished data). In India, the bla OXA-181 gene was found in Klebsiella pneumoniae and in Enterobacter cloacae isolates from patients originating from three distinct cities (1) . The aim of this study was to identify bla OXA-48 -like-positive bacteria in environmental samples.
Three swabs of seepage water were collected in Bikaner, Jaïpur, and Ghaziabad, India, in 2010 (one from each region).
Swabs were squeezed out in a 1-ml volume of sterile water. The bla OXA-48 -like genes were detected as described previously by PCR amplification with 2 l of the swab suspension as a DNA template (14, 18) . PCR was positive for two samples that had been recovered from gutters in Jaïpur and Ghaziabad. To isolate and characterize the putative bla OXA-48 -harboring organisms, swab suspensions that were positive by preliminary PCR results were used to inoculate preenrichment Luria-Bertani broth containing 0.5 g/ml of imipenem, and serial dilutions of these cultures were spread onto Drigalski agar plates (Bio-Rad, Marnes-la-Coquette, France) containing 0.5 mg/liter imipenem. Colonies that grew after an overnight incubation (37°C) were screened by PCR. PCR for the bla OXA-48 gene gave a positive result for one type of lactose-negative colony from the Ghaziabad sample, but no bla OXA-48 -positive colony could be obtained from the Jaïpur sample. The corresponding strain was designated S12 and identified using API32GN (bioMérieux, Marcy l'Etoile, France) as Shewanella putrefaciens. Since commercially available systems may misidentify Shewanella species, sequencing of 16S rRNA genes using universal primers 16S 8-27 and 16S 1512-1491 and of gyrB genes using primers UP-1 and UP-2r was performed as described previously (3, 19) . The 1,411-bp 16S rRNA gene sequence obtained from S12 was 100% identical to that of Shewanella xiamenensis type strain 4 and 98% identical to that of S. putrefaciens type strain ATCC 8071. As the 16S rRNA gene sequence is not discriminatory enough to differentiate closely related Shewanella species, the gyrB gene was partially sequenced (5, 20) . The 1,158-bp gyrB sequence of S12 was 98% identical to S. xiamenensis type strain 4 and only 89% identical to that of Shewanella putrefaciens type strain ATCC 8071. Based on the 16S rRNA gene and gyrB sequences, strain S12 was identified as S. xiamenensis.
Susceptibility testing of S. xiamenensis S12 was performed at 37°C on Mueller-Hinton medium-containing plates by using the Etest technique as described previously (12) and interpreted in accordance with the guidelines of the CLSI (2). S. xiamenensis S12 was of intermediate susceptibility to amoxicillin and ticarcillin associated or not with clavulanic acid and was susceptible to piperacillin, to a piperacillin-tazobactam combination, and to expanded-spectrum cephalosporins (Table 1) . S. xiamenensis S12 was susceptible to imipenem and meropenem and was resistant to ertapenem (Table 1) . Specific activities measured with a culture extract of S. xiamenensis S12 obtained as described previously (12) and 100 M imipenem, ertapenem, or meropenem as substrates revealed that strain S12 hydrolyzed carbapenems significantly (7.9, 4.2, and 1.6 mU/mg of protein, respectively).
Sequencing of the bla OXA-48 -like amplicon obtained using DNA of strain S12 as template revealed that it corresponded to the bla OXA-181 gene. Since the insertion sequence ISEcp1 was found upstream of the plasmid-located bla OXA-181 and shown to be involved in the mobilization of that gene in K. pneumoniae KP3 (submitted for publication), PCR experiments using whole-cell DNA of S. xiamenensis as template and primers located inside the ISEcp1 transposase gene were performed (10) . Negative results were obtained, ruling out the involvement of ISEcp1 in bla OXA-181 acquisition by S. xiamenensis.
Escherichia coli reference strain TOP10 and plasmid pBKCMV (Stratagene, Amsterdam, Netherlands) were used for cloning and expression experiments. Whole-cell DNA of S. xiamenensis was extracted as described previously (8) . Shotgun cloning using SacI-restricted genomic DNA and SacI-restricted pBK-CMV plasmid was performed as described previously (7). Recombinant plasmids were selected on Trypticase soy (TS) agar plates containing amoxicillin (50 g/ml) and kanamycin (30 g/ml). The resulting recombinant Escherichia coli strain (pBK-OXA-181) displayed a CHDL phenotype with resistance to penicillins that was not restored by clavulanic acid addition, reduced susceptibility to cephalothin, and susceptibility to expanded-spectrum cephalosporins. In addition, E. coli TOP10(pBK-OXA-181) had reduced susceptibility to carbapenems ( Table 1) . Sequencing of the insert of recombinant plasmid pBK-OXA-181 revealed that the bla OXA-181 gene was surrounded by several open reading frames (ORFs) previously identified in the genus Shewanella. A desoxyribonulease-encoding gene and a carbamoyl-phosphate synthase-encoding gene were identified on each side of bla OXA-181 , sharing, respectively, 96% and 99% identity with those described in various Shewanella species and therefore strongly indicating the chromosomal location of the bla OXA-181 gene. Downstream of the bla OXA-181 gene, a putative LysR-type transcriptional regulator-encoding gene was identified. The corresponding sequence shared 92% nucleotide identity with the sequence located downstream of bla OXA-54 in S. oneidensis MR-1.
Comparison of the downstream-located sequences of bla OXA-181 in S. xiamenensis and in K. pneumoniae KP3 showed a perfect identity. The 128-bp fragment separating ISEcp1 from the start codon of bla OXA-181 in K. pneumoniae KP3 was strictly identical to the DNA sequence located upstream of the bla OXA-181 gene in S. xiamenensis (Fig. 1) . In addition, the 378-bp fragment located downstream of the bla OXA-181 gene was also identical between K. pneumoniae KP3 and S. xiamenensis (Fig.  1) . The GϩC content of bla OXA-181 was 46%, which fits exactly with that of the surrounding sequences identified in S. xiamenensis.
This study identified the newly established species S. xiamenensis as the progenitor of the bla OXA-181 gene. This is the second example of the identification of a progenitor that harbors the exact same gene on its chromosome as the plasmidborne gene identified in other species; the first instance was that of Acinetobacter radioresistens as progenitor of the bla OXA-23 CHDL gene widespread in Acinetobacter baumannii (11) . Our findings further emphasize the role of Shewanella species as reservoirs of antibiotic resistance genes, and noticeably of CHDLs. This study adds to the diversity of chromosome-encoded CHDLs identified in Shewanella species, after that of bla OXA-54 from S. oneidensis but also of bla OXA-55 from Shewanella algae (for which no corresponding plasmid-located gene is known). In silico analysis of several Shewanella spp. genomes identified additional putative class D ␤-lactamase genes (likely encoding CHDLs) (15) (Fig. 2) . Noticeably, this progenitor was identified in India, which is facing, together 
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